ABSTRACT
INTRODUCTION
Gas insulated switchgears (GIS) have many advantages such as compactness, high reliability, and low maintenance needs during service. Consequently, GIS are widely used in medium voltage primary distribution networks due to their outstanding performance with respect to safety, availability and reliability. Furthermore, the trend towards a holistic view on lifetime costs also affects the substation equipment. Therefore, an emphasis on reduced construction time, simplified transportation and installation work and reduced installation space will move more and more into the focus of utilities and industrial customers [1] . To guarantee the homogeneous uninterrupted flow of the electric current across the contact interface, a good metalto-metal contact needs to be established. Detoriation processes such as oxidation, stress relaxation, differential thermal expansions, galvanic corrosion, formation of intermetallic phases, and fretting tend to degrade the contact interface and increase the electrical resistance of contact systems [2] . As the contact resistance is the main criterion for the evaluation of the contact reliability, long term measurements are necessary for the evaluation of contact designs under service conditions. The literature [3, 4, 5, 6] shows, that the ageing of electrical joints during service depends on different mechanisms such as creepage and mechanical stress relaxation, fretting, corrosion processes, electro migration and interdiffusion [3, 4, 5, 6, 7, 8] . This paper discusses a new design for a GIS busbar connector in relation to the cyclic current ageing and homogeneity of the internal current distribution.
EXPERIMENTAL DETAILS

Busbar Connector
The following advantages are offered by the new busbar connection system B-LINK [1]: 1. Enabling pre-manufacturing of GIS panels for primary distribution applications 2. No on-site gas-handling necessary during commissioning, installation, service, extension or decommissioning at the end of product life 3. Guaranty of a highly efficient assembly procedure 4. Compensating of small misalignments between panels 5. Enabling of high current ratings The busbar connection system (Fig. 2) is located between two adjacent, gas-filled busbar tanks and consists of the following parts for one phase:
-Single phase insulated silicone sleeve -Screwable contact connector for the electrical connection -Two pressure rings to apply the defined pressure -Two screwable steel frames as pressure transmitters 
Experimental Setup
The experiment had two aims: The main target was to show, that accelerated ageing of the B-Link busbar connector does not lead to an increase of the contact resistance and therefore show that the necessary lifetime of more than 25 years can be guaranteed. In addition, the effect of the different cross-sections of the lower half versus the upper half of the busbar connector on the homogeneity of the current was investigated.
To enable the most realistic test setup, three original busbar gas tanks from a GIS of the type GHA were used. The gas tanks were pre-manufactured and filled with SF 6 at AREVA T&D in Regensburg. The gas tanks were assembled at the Temperature Rise Lab at the Technische Universität Dresden. During the assembly the necessary thermocouples were mounted as well. ( The test current was applied to all three phases of the test setup. The measurement of the contact resistance and the thermal behavior was done on phase L1 and L2 with the subsequent busbar connectors A, B, C, D.
Experimental Procedures
Ageing of the Contact System
The temperatures of the joints were continuously monitored by 6 measurement points. These thermocouples were inserted and fixed in small holes drilled into the busbar with a distance to the contact interface of 3 mm. In addition two measurement points for the room temperature of the test lab were established. Altogether 26 measurement points were utilized. To generate dynamic ageing, stress current cycles were applied. One current cycle consists of holding the samples at the preselected current level for 12 hours (ON period) followed by cooling to room temperature (OFF period) 12 hours (Fig. 5) . In the ON period, the test current was applied and the temperatures were measured every two minutes until a steady state temperature between 115 and 130 °C was reached. The steady temperature must be applied for a minimum of 5 hours. The current through the three phases of the test setup was controlled by current transformers. In the OFF period of 12 hours, the joint resistance was measured using a Micro-Ohmmeter (Mo2) after the test setup has reached room temperature. Until now 308 aging cycles were applied.
Investigation of the Current Distribution
To investigate the homogeneity of the current distribution inside the whole busbar connector, the current flow in the lower and upper connector was compared to the noninfluenced busbar. To do so, 12 measurement lines of 12 cm were allocated in equidistance at the circumference of the busbar. Seven measurement lines were applied to each connector also in equidistance at the circumference (Fig. 66 ). 
Influence of the Aging to the Contact Behavior
To evaluate the influence of the aging cycles, the changes of the contact resistance and the thermal behavior of the busbar connectors A, B, C and D were investigated. Table 1 shows the values of the contact resistance before and after the aging. For all busbar connectors it can be stated that the applied 308 aging cycles have not lead to a significant change of the contact resistance. A delta of 5% is within the measurement error range. Table 2 gives the summary for all investigated busbar connectors. It can be stated that the applied aging cycles have no significant influence to the thermal behavior of the busbar connectors. The steady state temperature varies in both directions with minor deviations. The same can be stated for the slope of the temperature rise, neglecting the room temperature offset for the first hour of measurement. Fig. 8 shows the development of the contact resistance over the ageing time. Over the time of the recorded 308 aging cycles no increase of the contact resistance could be found. Also if the linear fit of the measured results shows for all investigated busbar connector a trend to lower contact resistances over time, this effect will always be within the measurement error range. From the available experimental data it can be concluded that the total joint resistance of the busbar link appears constant under the simulated service conditions. This was shown with a comparison of the electric contact behavior and the temperature rise behavior before and after aging as well as the development of the contact resistance over aging time. Also intermittent resistance values could not found. The current distribution in the busbar connector of the B-Link was measured as a function of the geometric resistance of the busbar and the connector. The current distribution shows the expected dependency on the geometry of the connector, and for each part (busbar, lower connector and upper connector) a homogeneous current distribution was found. The main busbar shows a very homogenous current distribution as expected. The lower and upper connector showed different base lines which can be explained by the different geometry and cross sections of the two connectors. The current distribution inside each connector was also measured with a low level of distortion. These facts lead to the conclusion that the current distribution of the complete connector is homogenous enough to prevent additional aging effect due to hot spots related to inhomogeneities of the current field. This supports also the findings of the cyclic aging behavior discussed earlier. 
Development of the Contact Resistance During Ageing
